Background: The aim of this study was to identify factors associated with pressure injury (PI) occurrence in critically ill patients. This was a retrospective cohort study conducted at a mixed intensive care unit (ICU).
Introduction
Healthcare quality and patient safety are matters of great concern to hospital systems: if any damage or lesion attributable to the delivered care occurs, there will certainly be undesirable consequences for both the patient and the health institution [1] . Adverse effects are an indicator of healthcare quality and reflect the delivered care. Mitigating the occurrence of such effects makes healthcare safer [2] . One of the relevant aspects of critical patient care refers to skin integrity maintenance. Pressure injury (PI) emerges at all healthcare levels and is particularly common in patients with reduced mobility and older age, which makes PI a clinical care indicator and one of the most frequent adverse effects in critically ill patients.
Over the last decade, studies involving critical patients have pointed to PI incidence ranging from 3.3% to 39% [3, 4] . A literature review of European studies spanning from 2000 to 2005 identified that the PI incidence varied from 3.8% to 12.4% [5] . An investigation conducted in China verified a PI incidence of 0.63%; the intensive care unit (ICU) was the sector with the highest coefficient [6] . In Brazil, the PI incidence lies between 10% and 62.5% [7, 8] . Along patient recovery, high PI incidence could culminate in complications like higher risk of hospital-acquired infection and hospital malnutrition, longer hospital stay, increased nursing staff workload and higher healthcare costs.
Many factors have been reported to be associated with PI development, especially extrinsic pressure related to older age, nutritional alterations or deficit, moisture, immobility or bed rest, lower tissue perfusion, long hospital stay, and comorbidities such as diabetes mellitus, nephropathy and vascular disease, among other factors. In this context, critical patients are more exposed to PI [9] [10] [11] .
The medical literature contains controversial results concerning the contribution of different risk factors to PI development, which depend on the patient's characteristics, comorbidities and healthcare scenarios. There are evidences that intrinsic and extrinsic factors predispose to PI development, so identifying risk factors during patient care is an asset to hospi- tal institutions, which can plan specific intervention measures and put them into practice in order to prevent PI [9] . Preventing PI is one of the most important tasks conducted by nurses in ICUs. This study aims to identify which factors are associated with PI occurrence in critically ill patients.
Patients and Methods
This is a quantitative, descriptive, retrospective cohort study conducted at an ICU of a large high-complexity tertiary university hospital in the interior of the state of Sao Paulo. This study was approved by the research ethics committee (process number 7076).
This study included male and female patients aged at least 18 years and who were admitted to the hospital between January and June 2015 for clinical or surgical treatment. Inclusion criteria included first patient admission to the ICU, stay in the ICU for at least 24 h and absence of PI at the time of admission as evaluated by an ICU nurse. Figure 1 illustrates the inclusion flow chart.
Patients' socio-demographic and clinical data were obtained from the electronic medical records filed at the hospital. To characterize patient severity, the Acute Physiology and Chronic Health Evaluation II (APACHE II) death risk score was determined upon admission. In the case of critically ill patients, several scoring systems have been developed over the years. In the ICU setting, APACHE II is one of the most widely used scoring systems. This score, which ranges from 0 to 71, considers 12 physiological variables as well as the Glasgow coma scale (calculated after the effect of anesthetic agents is abolished), age, need for urgent surgical procedures and comorbidities verified in the patient's medical records. The higher the APACHE II score, the greater the patient's death risk [12] .
The Braden scale risk scores, which are used to measure the risk of PI, were collected from an assessment instrument that was filled in by the ICU nurse at the time of admission. Score 18 of said scale was adopted as cutoff point for PI risk as recommended in the literature. The patients were classified as very high risk (scores equal to or lower than 9), high risk (scores between 10 and 12 points), moderate risk (scores between 13 and 14 points), low risk (scores between 15 and 18 points) and no risk (scores between 19 and 23 points) [13] .
Statistical analysis
The statistical analyses were performed with the program Stata SE® version 14.0 (Stata Corp., College Station, TX, USA). Data are reported as the median (min -max). Univariate analysis was accomplished. Fisher's exact test was applied for the qualitative variables, and the Mann-Whitney/Wilcoxon test was applied to the quantitative variables because they did not follow a normal distribution as revealed by the KolmogorovSmirnov test. Variables of age in years, Braden scale risk score, APACHE II death risk (%), length of stay in the ICU in days and reason for ICU admission were inserted in the logistic regression model because that presented at P < 0.20 in the univariate analysis. The level of significance (α) was set at 5%, with P value < 0.05.
Results
During the study period, 142 patients met the inclusion criteria. Among these patients, 21 developed PI, which corresponded to an incidence of 14.79% ( Fig. 1) . Table 1 lists the qualitative variables. The group without PI contained practically the same number of female and male patients. Male patients prevailed in the group with PI, albeit without significance.
Compared to clinical patients, surgical patients predominated in both groups (without and with PI). Although there was no statistical difference, this variable was included in the final model because P = 0.07. Table 2 summarizes the quantitative variables. As for age, the median age in the group without PI was lower than the median age in the group with PI. Despite the absence of statistical difference, this variable was included in the multivariate analysis because P = 0.09. The median Braden scale risk score for PI evidenced moderate and high risk in the groups without and with PI, respectively, with statistical significance. The median APACHE II death risk was higher in the group with PI (75%) as compared to the group without PI (39%), also with statistical significance. The median length of stay in the ICU was much higher in the group with PI (16 days) as compared to the group without PI (4 days).
The variables included in the logistic regression were age in years, Braden scale risk score, APACHE II death risk (%), length of stay in the ICU in days and reason for ICU admission (Table 3) .
In the final model, APACHE II death risk (%) and length of stay in the ICU were associated with PI occurrence. Gulin
Discussion
Programs for PI prevention based on international guidelines have impacted PI occurrence. However, not all the risk factors for PI development related to patient's characteristics, associated illness and healthcare level are known. Actually, there is no single factor accounting for PI occurrence. In fact, the interaction of many factors increases the probability of PI development [14] . In the literature, there is no consensus on whether the variable gender is related to PI etiology. Nevertheless, our results corroborate the results of other studies and show that gender is not associated with PI occurrence and should therefore be presented as a demographic characteristic only [9, 15] .
Our study has not found any association between the variable age and PI development, either. An investigation conducted in 22 ICUs of 15 public and private hospitals in the state of Minas Gerais achieved the same result, but elderly patients were at higher risk of PI occurrence [16] .
In another investigation into patients admitted to an intensive and semi-intensive care unit in the state of Rio Grande do Sul, researchers verified that patients who developed PI were significantly older than patients without PI (63.2 ± 16.9 years versus 54.9 ± 16.8 years, respectively; P = 0.018) [11] .
Although age as an associated factor in PI occurrence is controversial, it is worth highlighting that senescence implies changes in the integumentary tissue involving structural defects in the stratum corneum and in the epidermis, which decreases protection against external agents. In this sense, total body mass loss, which results in loose skin folds, increases the risk of integumentary trauma. Peripheral sensitivity alterations inherent to older age must also be considered [16] . Age is also relevant when it comes to the lower ability of the skin to resist mechanical load alone or in association with variables like illnesses, life style and length of stay in the ICU, which would justify the larger PI prevalence among patients older than 60 years [9] .
The impact of the variable length of stay in the ICU as a factor for PI development has proven to be consistent. An investigation conducted in the ICUs of two large metropolitan hospitals in Saudi Arabia monitored 84 patients until they were discharged or until they died. The investigators reported mean length of stay in the ICU of 13.3 days for patients with PI, which constituted a predictor for all PI stages [17] .
A tertiary university hospital in Germany was the setting for an investigation that followed patients admitted between 2007 and 2011. Univariate analysis helped to identify length of stay as one of the significant predictors for PI development. Risk for PI occurrence was higher in patients who stayed more than 30 days in the hospital [18] .
Another study reported that PI emerged in patients that stayed for 9.5 days or longer in a surgical ICU. This was associated with reduced mobility, insertion of numerous devices in the skin and use of sedatives [9] .
A study conducted in two ICUs (a surgical ICU and an infectious disease ICU) of a university hospital in Recife verified that length of stay higher than 10 days (P < 0.001) was associated with PI development. The mean elapsed time between admission to the ICU and PI emergence was 6.9 days, but the authors of this study highlighted that they might have overestimated this time because skin inspection was not carried out on a daily basis [19] .
The present study found that APACHE II death risk is associated with PI. This finding agrees with the findings of a research that investigated the relation between severity measured by APACHE II and PI development. The authors observed higher PI prevalence in more critically ill patients. However, when they applied the logistic regression model, this variable lost significance as a result of sample size or of low mean APACHE II score [20] . In a general ICU in Spain, researchers pointed out that APACHE II and simplified acute physiology score III (SAPS 3) could help to predict PI occurrence [21] .
Researchers who used SAPS 3 verified that patients with PI were more critically ill (P = 0.043), which reflected unstable hemodynamic conditions in patients taking vasoactive drugs, sedatives and painkillers [22] .
Nonetheless, another study reached different conclusions -the mean APACHE II scores were similar in patients without and with PI (P = 0.689). This could be attributed to the higher specificity of the investigated ICU, which assisted mainly heart surgery patients, who could present other more relevant variables for PI development [9] .
Scores are crucial when assessing the risk for PI occurrence because they highlight vulnerable points and reinforce the importance of continuous assessment. Here, the Braden scale risk scores demonstrate moderate and high risk in the groups without and with PI, respectively. Only the univariate analysis shows statistical significance for this variable.
By means of univariate analysis, a literature study also verified significant difference between scores of critical patients without and with PI (P = 0.001). Patients with PI had mean Braden scale risk score of 11 (variation between 8 and 19) [8] .
Other authors identified a median Braden scale risk score of 10 (high risk) for patients with PI (scores ranged from 6 to 19); 59% of the patients were at high risk. Patients without PI had a median Braden risk score of 14 (variation from 8 to 20); 68% of these patients had moderate risk of developing PI (P = 0.003) [23] .
Another work evaluated various wards of a large public university emergency hospital. Patients with lower Braden scale risk score developed PI. The PI point prevalence was 40%. The intensive and semi-intensive care units had greater PI occurrence and lower Braden scale risk scores [24] .
Although some researchers reinforce the association between risk for PI development and low Braden scale risk score verified in national and international studies, especially in critically ill patients, they also warn that it is necessary to pay attention to the subscales that constitute the scores when implementing skin care intervention measures [8, 24] .
In contrast, another study identified the predictive validity of risk assessment scales at the same time that it emphasized the need to take the health professional's clinical experience and knowledge of the process into account [23] .
When it comes to scales for critically ill patients' skin assessment, the Cubbin-Jackson scale risk score, designed in 1991, is worth highlighting. This score is specific for critical patients because it has better predictive value (89% sensitivity and 61% specificity) as compared to the Braden scale risk score. Unfortunately, the Cubbin-Jackson scale risk score has not been validated in Brazil, so it is not available for use in this country [9] .
The limitation of this study was the small number of patients with PI, which may interfere in the identification of possible risk factors for IP. We should also mention that the study was conducted in a single center.
Implications for clinical practice
Even though a single factor cannot explain PI occurrence, as mentioned above, and although there might be no direct or effective measure to be taken in order to prevent PI, in some cases interventions geared toward a single element can modify the effects of the other underlying factors.
Health institutions have sought to reduce undesirable situations originating from issues with patient care. In case these institutions cannot avoid the occurrence of adverse events, they take measures that limit damage and reduce the chances that this event will happen again. Recognizing PI as an adverse event related to patient safety represents a considerable progress in Brazil if we remember that PI has been internationally regarded as a serious public health concern for years.
Considering the critical status of patients admitted to the ICU, identifying which patients are at risk of developing PI allows the multi-professional team to define and to implement preventive measures with a collective responsibility mindset. In this sense, mitigating the impact of PI calls for knowledge of the factors associated with PI occurrence, so that the outcome is favorable.
Conclusions
Our results suggest that APACHE II death risk and length of stay in the ICU are associated with IP occurrence in the study population. Knowing which factors are associated with IP occurrence in critically ill patients will allow nursing leaders to develop continuing education programs to reduce the incidence of this severe complication.
